Introduction
The chemistry of arynes has been studied extensively in recent years.
1 Nucleophilic addition is a newly discovered reaction of p-benzyne diradicals, 2 different from their usual atom abstraction. 3 According to kinetic evidence, cyclodeca-1,5-diyn-3-ene (1) undergoes rate-limiting cycloaromatization to a p-benzyne (2) , which rapidly adds iodide (or other nucleophile) 4 to produce an aryl anion (3), which is then protonated by an acid HA to form 1-iodotetrahydronaphthalene (4-h) (Scheme 1). Alternatively, deuterium can be incorporated, even from such weak acids as dimethyl sulfoxide-d 6 (DMSO-d 6 ), to form 4-d. We here investigate more fully the hydronation of aryl anion 3 (where hydronation is attachment of a generic hydrogen cation, regardless of whether the hydrogen is protium or deuterium or tritium).
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Scheme 1. Mechanism for formation of iodoaromatic 4 via iodide addition to a p-benzyne diradical 2 derived from cyclodeca-1,5-diyn-3-ene (1), involving electron-pushing arrows for both two-electron and one-electron movements, followed by hydronation (protonation or deuteration) of 3.
Deuterium incorporation represents a remarkable manifestation of a lack of selectivity in the reaction of 3. The fact that DMSO-d 6 can compete with stronger acids demonstrates that the species generated by iodide addition to 2 is so strong a base that it is unselective toward hydronation. To provide more insight into the reactivity and selectivity of 3, we have measured relative rates of its hydronation in binary mixtures of labeled and unlabeled DMSO, acetonitrile, RCOOH, and water, and we report relative kinetic acidities and H/D kinetic isotope effects (KIEs) on this hydronation step, evaluated by measuring the deuterium content of iodotetrahydronaphthalene 4. That deuterium content is a permanent record of the quenching of 3, and it can be analyzed by both 1 H NMR and mass spectrometry.
H/D KIEs of acetonitrile and DMSO can be evaluated from a direct competition experiment with a single solvent, but as a mixture of deuterated and undeuterated. The relative reactivity of two different acidic solvents can be evaluated from a direct competition experiment if one solvent is deuterated and the other is undeuterated. There are a total of six such pairs, chosen from water, acetonitrile, and DMSO. The relative reactivities of two deuterated or two undeuterated solvents cannot be evaluated from the D content of product, because there is no way to ascertain which solvent is the source of D. However, those relative reactivities can be evaluated indirectly, by combining reactivities evaluated directly.
This is a particularly simple reaction, of some synthetic utility. Quenching of an aryl
Grignard reagent in deuterated medium is a classical method for synthesis of deuteroaromatics, 6 and with pedagogical value for illustrating the properties of Grignard reagents. 7 The goal of this research is to compare the relative abilities of DMSO, CH 3 aryl Grignard. We now report that anion 3 is remarkably unselective toward acids, and we interpret this as a characteristic of "naked" aryl anions.
Experimental Section
Materials. Cyclodeca-1,5-diyn-3-ene (1) was synthesized by a standard procedure. Table 3 or 4, was subtracted as expressed in the equations. Table 2 show that the same D content is observed with Bu 4 NI. Tables 3 to   10 summarize the experimentally measured D content in product 4 from eight direct comparisons of one deuterated and one undeuterated solvent, along with the relative kinetic acidities derived therefrom, corrected as necessary for water content using eq S1-8. These were then combined using eq S9-30 to evaluate indirectly the relative kinetic acidities of two deuterated or two undeuterated solvents, where it is impossible to distinguish the source of H or D in product. A complication is that aryllithium 6 also undergoes addition to acetonitrile, to afford, after hydrolytic workup, a small amount of 1-acetylnaphthalene (8), identified by GC-MS.
No such product was detected from 3 because the addition requires metal coordination at C≡N. 10 In aqueous CD 3 CN, D 2 O from base-catalyzed exchange of 8-d 3 is presumed to be the source of the trace 7-d.
Discussion
Source of H. According to Table 1 , neither acetic acid nor methanol is effective at hydronating 3. This result forces us to reject the earlier assumption that it is a carboxylic acid that competes with DMSO for quenching the anion. 2 The ineffectiveness of such a strong base to deprotonate acetic acid or methanol may be surprising, but that is the conclusion required by the data. We rationalize this relative unreactivity to hydrogen bonding of a carboxylic acid or methanol to itself, to solvent, or to I -, as suggested in Scheme 2. In contrast, a hydrogen-bonded water has a second hydrogen available, as also suggested in Scheme 2, and the first hydrogen bond may make that hydrogen less electron-poor and thus less strongly hydrogen-bonded than the first. Thus the only acids effective at hydronating 3 are water, acetonitrile, and DMSO, not acetic acid or methanol.
Reduction of the kinetic acidity of a carboxylic acid or of methanol by hydrogen bonding, whereas hydrogen bonding of water can leave one H available.
Selectivity. The data in Table 11 show that water, acetonitrile, and DMSO all compete for 3, which is rather unselective among these hydron donors. Figure 1 shows a Brønsted plot of the relative reactivities of water, acetonitrile, and DMSO vs the pK a of those acids, corrected for statistics. 11 It should be noted that the pK a of 31.3 for CH 3 CN and of 35.1
for DMSO are for DMSO as solvent, 12 whereas the pK a of 18.38 for H 2 O is for 20% H 2 O in DMSO, 13 which is the closest available model for the oligomeric water of our kinetic studies.
The slope is therefore questionable, but it corresponds to an exceptionally low Brønsted α of only 0.04±0.01, suggesting an early transition state. Although water is the strongest acid, the organic solvent can dominate when it is in excess over water. This small slope provides a graphic contrast between the kinetic and thermodynamic acidities of these acids. It is considerably smaller than the slopes of 0.25, 0.30, and 0.36 for the substituent effects on the basicities of o, m, and p substituted aryllithiums, compared to the gas-phase basicities of the corresponding aryl anions, 14 or the 0.7 for the correlation between calculated gas-phase basicities of alkyl lithiums and alkyl anions. 15 The H/D KIEs are all small, 1.1 for water, 2.2 for acetonitrile, and 2.5 for DMSO. The KIEs for the organic solvents are substantially lower than the 6-7 expected for loss of the zero-point energy of a C-H bond. 16 An even lower KIE, near unity, is reasonable for water, which can deliver its hydron merely upon approach by the base. A low H/D KIE was previously seen for neutralization of RLi and RMgX by methanol. 17 Such studies were complicated by the inability to disperse the reactant into the solution before it reacts. The remarkable feature of this reaction is that 3 is generated "suddenly", in homogenous solution, so that its intrinsic reactivity can be recognized.
Lifetime of intermediates.
The suddenness of the generation of aryl anion 3 is a consequence of the short lifetime of p-benzyne 2. That is too reactive for its lifetime to be measured experimentally. One estimate of its lifetime can be based on the calculated barrier of ~ 5 kcal/mol to chloride addition to a p-benzyne, arising from the need to desolvate Cl -. 4 Another estimate can be based on the calculated barrier of 1.4 kcal/mol for hydrogen transfer from 1,4-cyclohexadiene to p-benzyne. 18 . Amplification of basicity. The lack of selectivity among water, acetonitrile, and DMSO demonstrates that 3 is an exceedingly strong base. Indeed, the pK a of benzene is +43, 20 so that its conjugate base, an aryl anion, is expected to be sufficiently basic to deprotonate any of these acids. In contrast, the I -reactant is a very weak base, whose conjugate acid HI has a pK a ~ 0 (pK a of HCl and HBr in DMSO are 1.8 and 0.9, respectively). 20 Therefore the reaction of weak base I -with the p-benzyne produces the strongly basic aryl anion and thereby amplifies basicity by > 40 powers of 10.
Comparison with organometallics. According to Tables S1-2, only water is capable of hydronating 1-naphthylmagnesium bromide (5) A tetralyllithium or tetralyl Grignard would be a closer comparison to our tetralyl anion, but we are convinced that the aromatic second ring in the model 1-naphthyl organometallics is not so different from a tetrahydro ring as to warrant exploration. The differences are very minor, as can be seen by comparing structure 3 with structures 5 and 6.
Perhaps the more pertinent model would be one that includes a halogen, such as a 4-halotetralyl-lithium or -Grignard. Such a model might be prompted by the results with 4-halotetralyl anion, where the deuterium content of the halotetralin product increases from X = I to Br to Cl. 2 Although this appeared to be a remote substituent effect on the basicity and H/D selectivity of the aryl anion, it was concluded that the variations arise indirectly, through hydrogen bonding of X -to the carboxylic acid (or to water), whose reactivity is reduced, relative to that of solvent. Because hydrogen bonding increases from I -to Br -to Cl -, the relative effectiveness of solvent also increases in this order. Therefore it is also not necessary to explore a 4-halotetralylithium or Grignard.
Naked aryl anion. is so reactive that it is quenched by hydronation more rapidly than the Li + can migrate to the para carbon to form ArLi, as suggested in Scheme 3. The species whose reactivity and extreme unselectivity are here studied is thus a naked aryl anion, Ar -. Although aryl anions have been studied extensively in the gas phase, 21 such an unambiguous example of a naked aryl anion in solution is rare. Even if an aryl anion is not coordinated to a metal, it is usually not free in solution but is ion-paired with a metal cation.
Examples include electron-poor arenes undergoing hydrogen exchange catalyzed by strong bases containing Li + , 22 K + , 23 or Cs + , 24 reaction of sodium methoxide with arylsilanes, 25 and dinitrobenzoates undergoing decarboxylation. 26 One notable exception is the proposed aryl anion from two-electron reduction of an aryl halide, which adds intramolecularly to an ester, 27 but where the addition might be concerted with the second electron transfer.
Competition experiments, as in these studies, might provide evidence for the intermediacy of a naked aryl anion.
Naked anions are well established, especially in the context of cyanide and fluoride anions of high nucleophilicity. 28 They are not necessarily solvent-free or counterion-free, but they are neither hydrogen-bonded nor covalently bonded to a metal. These results show that a naked aryl anion is quite different from an aryllithium or an aryl Grignard. Nevertheless, according to SciFinder ® , many researchers continue to refer to these organometallic reagents, and others, as aryl anions, 29 even though this is well recognized as an oversimplification. 30 The conflation of organometallics and carbanions is an example of a rhetorical device known as synecdoche.
31

Conclusions
Iodide addition to the p-benzyne diradical 2 obtained from enediyne 1 produces a highly basic aryl anion, 3, thereby amplifying basicity by >40 powers of 10. Aryl anion 3 is then hydronated by DMSO, acetonitrile, or water, to form 1-iodotetrahydronaphthalene 4. All fifteen relative reactivities of these three acids and their deuterated isotopologues were measured by assaying the deuterium content of 4 from competition experiments using one deuterated acid and one undeuterated. The fact that 3 is generated "suddenly", in homogenous 
